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y R a r A c E 

äSJTROmZJUtlOg 

Specific dlrectlvee for this investigation were 
issued in Buord  Itr 0p-l6-Z L11-1/EF74 of December 30, 

OBJECT 

9  complete  chemical  and metallurgical 
examinatxon of fragments^o^ a Vjor, caliber Japanese 

ronnnntTMiPMnn .^ +n^ projcuullu. 

SinGfARY 

«n  ^ J^636 ***m9ntn Jimie HBBB identified as parts of 
SLfT ™5v!!0f100 P^i^il« having a flat nose and a 
be  lo.t  niC    +

CaP;lSlIt aPPeörs th** this  cap can easily 
coni«nt^n V^6^1^?^ }hu3 transforming an otherwise 
conventional projectile into a flat-nosed projectile 
£ X* Predictable under water trajectory.    The welpht 
to ^epoQded Td j:UZe? P^Jectile has  be^n LlcuLteS 
charge        P 0f V'hiCh ^ ^^ises the bursting 

a  ißÄll iifJ^r Hhat th.is ProJectile was forged from 
a  iaall  ingot  of  chrome-nickel electric  furnace  steel 
t^ea^nelt  ^üf? ™chi™\™- ^ven a cond?Uoning S 

aL^S^nf ^rd^nLt^1011111^ the proJectlle WÖS 

tvT.P ^f.ProJectile carded a fuze of the impact delay 
pin ict'^n8 JL?^1; desifn and f^tlonlng by shear 

y 

head of th)r^Iüiten ^S is used t0 braze the knobbed 
wS?fK £ th^fifing Pin between two brass shear plates 
which are firmly fixed in the fuze body. On Impact ?his 
Knob shears past the cast metal thus allowing the nin 
to move forward to'strike the primer.      8    P 

fuze is p^entedr^OnStrUCti0n and a drawinS of thi3 

hook-sec?iSnnr.T^i?h fir?? thi3  ProJectile had a deep 
deScriStlo« ö? th^^1!*1 U?if0riTl twist- A oompletf 
« nnmiS^    tlu* riflin&  1" presented together with 
^comparison with various United States 8.inch naval 
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Following th: complettm of thil invtsti^ation, 
frasncnts of a sinilar projectile were received.  The 
fragncnts of this latter projectile confirn tho recon- 
struction presented by this report. 

Page iii 
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Tfi^oDUCTI g 

ATP TAi'r CITY was struck by a 

a^^V-L'^^^nr^O .motive bearing Jho 
projectile struck «t mM t8 ^v^Sf 35 pounds STS 
second deck «nd »•»•«j;* •*-?";/!?,. lion« deck 66 IncheM 
backed by 18 P°und3 .ITS fn^p ^„Hwo'dock pl,tinS3 

?J?i Jst^co o? 5^ (W lbs ^S) thcn^contlnued 
to strike a lorsitudinal channtl 10' x 3.4^ x j.a? 
lllTlS. 3TS)°3 UrtO. Ul«, the second deck  Jh.^ 

f'^tv'fl^e of »"1" bean «Sd^hctop Of the under 
ing tl» flange 01 an x  "^      distance from 
botton tank wh.re it ^ploded. T^ f ^ration wü3 
impact to explosion was UQ  £0f*« *»! pei 
"clean hole" with ed^es bent in-board. 

The fragments from this projectile ^rfc f0^ 
»A*A  in thr Naval Proving Ground for examination; 

mt W ~T- 60l I-^r f^ - i d view 

found on the projectile: 

Cap:    7 AP.  U-6^0,  2448 
Base Ring:     NC* £ *   S     9486 

9486 
/v5485 IJ 

base King;     ww« '^ T    ** 
Base Plug:     NCS-5} «b   ^ 

Booster Adaptor;       © JaL 
II INVESTIGATTOTJ 0? PROJECTIliA. 

{A)     PH^ONSTRUCTICW 
The first phase of the investigation con- 

sisted of  cutting  selected fragments  £J° •"«•f/f" 
rts.mtative of  their original  cross section.    Fi8/^ 
^GPhoto No.   630  (APL)   shows the  •«Sjft« R"|™ftS1 
slices  from which further d^%Ya! °^R^^:ified PS 
assembly the projectile was definitely la^f^gt?n_ 
btdng of 8-inch clibor and as having a large bursting 
charge. 

The cap and nose are seen to have conjunc- 
tive flat surfaces devoid of interlocking; ^e stud 
holes in the cap attest that the probable ^hod of 
assembly was toPscrew the cap into the windshield fol- 
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lowud by screwing the windshield plus C«P, t0^h;'h
n0^n: 

thus thf enp is r^tninud to the nose solely by tho wind- 
•SSld^iS! Further interesting features arc the use 
of two rotating tottif and of boot ^"J^« /^^^Ing. 
that these rotating bnnds showed practically no fringing. 

1IPO Drawing 101 (APL) Rives a complete 

reconstruction of this P^J6^11?,!1^1^!??^^!^ -Ul dimensions which are given without qualification 
£av« been accurately determined by actual measu^muit; 
dimensions which have been arrived at by analogy are 
described as being "approximatew. 

By reference to Fig. U,  W Photo No. 630 
(APL) it can be seen that the dimensions from the tip 
of the cap to the center of the body are ac.arately 
nsctrtainnble. 

Continuation of the nose profiling to the 
profiling on the first fragment was used to determine 
the position of this fragment and the d^Ja^ce from the 
öO»/tO the forward bourrelot tracing. The side frag- 
ment gives a complete cross section of the bourrelet 
(length of the bourrelet is indicated by arrows); thus 
alloSn« the third fragment to be accurately located 
since its forward part shows the bourrelet back tracing. 

The dimensions fron the base to (JIG center 
of the body could likewise be accurately nscfftnin®d- c 
Tho bnse ring is complete and includes a portion of the 
rear band scSre notch, thus allowing accurate locating 
of the. rotating bands. The distance between rotating 
bands is given by the fragment which carries both band 
score notches - the pocition of the adjoining body frag- 
ment is thus fixed. 

All dimensions of the projectile were there- 
fore accurately obtained, with the exception of the over- 
ill body dimensions. The body dimensions noted on the 
drawing were arrived at by analogy and by farther con- 
siderations of profiling; while these are admittedly 
npproximntions, it is believed that they are fairly 
-icourate. 

Calculations made to determine the weight and 
capacity of tnis projectile are given in Appendix (A). 
The total weight was found to be approximately 251 pounds, 

(B)  ClIELIICAL ANALYSIS 

The analyses reported here have been ob- 
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tGinod spcctrochenicully with the  cxcoptlon of those 
of carbon, phosphorus nnd  sulphur which were dctcrninca 
by fltnndarcl chomic^l procedures. 

lin Si  Cr  Hi 

c™ .61 .007 .005 
Body .63 .007 .004 
Base Plug .26 .026 .027 
Fuze Adapter .30 .010 .007 
Hotntlng Bnnds 
Gaskets 

.20  .25 2.18 2.87 

.20  .25 2.15 2.80 

.65  .30  .62 3.30 

.48  .22  .67 3.60 
Pure Copper 
Pure Copper 

Spcctrochemicnl analysis showed no traces 
of molybdonun, vanadium, tungsten, titanium, copper, boron 
or zirconium in any of these steels. The very low phos- 
phorus and sulphur content of these steels indicate 
they wert, made by electric furnace practice. 

(C) IIACRÜETCKING 

Etching with hot acid showed that this 
projectile has exceptional soundness and freedom from 
segregation of non metalllcs. The lack of definite 
flow lines and the presence of small dondrites indicate 
that the projectile was forged from a small ingot and 
the cavity vvTu fOfmod by boring. 
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ypRüCTUR£ ^ BASE ZMJa 
S5ü 

Carbides in a natrlx 
of ferrite. 

IIARDIIESS 24 R. C « 

IIAOinFICATIOIl       700X 

ETCIiED:     Picral  +  liital 

Photomicrograph UUl 

STRUCTURE OF FUZE ADAPTER. 

Carbides  in a matrix 
of ferrite.     Quench 
and temper  structure 

IIARDEESG 2B R.C 

!!iVaiTIFICATI0n       7001 

irpc.HT.Th     Picral +  llital. 

QgrapEiI48 
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MSI 

f. 

Spheroidal carbides in 
a natrix of ferrite 
and tempered martensite, 

HARDIHSS 35 R.C. 

IIAGNIFICATIOH  8501 

ETCIED:  Ficral + Nital. 

PhotoLiicrograph M45 

STRUCTURE ÜF BASE RlUa, 

Spheroidal carbides in 
a"matrix of ferrite. 

HARDNESS 20 R.C. 

ilAGNIEICATIOIJ       8 5 OX 

Photomicrograph V.Uk 

risisS 



 r-:w-,.r:':^ ■■"-^ -r--"^ 

::ic::o./::•:•-crMiZ tr J'C.C.TJ^ 8" ritOji-A.^iiz. 

ST'RirCTURE OF  CAP. 

-v.M 

Spheroidal carbides in 
a matrix of tempered 
martensite. 

^-:- ...•■t2 c!,. '■.,• H. i*., 

HARDNESS 50 R.G. 

;A.^:.>^50*-:\::^'''- 
.)..;,kr »,«>  Hfi, 

I.IAGNIPICATIOW 35Ü}: 

STOKED; Ficral +  Nital 

*< .J ;i\' 

»lilSSfiS 

•: rhotomicrograph 1142 

STRUCTURE OF NOSE INTERIOR 

Photomicrograph 1*143 

Spheroidal carbides in 
a matrix of tempered 
mart ensite. 

HARDNESS 40 - 45 R.C 

"S1 A n_T ITT? T P Arn TAM 

ETCHED:  Picral + Nital. 



(D)  HARDIJZoo 3ÜHVEY. 

A systenntic hnrdntss survey vvns mndu on 
the polished ground surfnee of the slices shov/n in 
Fig. 4, HPO I'hoto No, 630 (Ai'L).  Results nrc giv^n by 
h".rdness contours on n scaled cross section of the 
projectile included in IPO Drawing 101 (APL) . (Inside 
of back cover.) 

Tho cap is seen to be uniformly hnrdened 
to 50 R.C, (6? Shore). The nose has been decrenentnlly 
h-irdened to 50 R.C. (67 Shore) on thu surface, nnd 
40 R.C. (55 Shore) at the envity, while the body nnd 
bate ring nre 35 R.C. (50 Shore) nnd 30-20 R.C. (45-35 
Shore) respectively. The bnse plug is 25 R.C. (40 Shore). 

(E)  MICRUSTRFCTUR.J: AND IIIDICATZD H3AT TRKATMETfT 

The nicrostructures as shown in photomicro- 
graphs II42 to 48, are typical of quench nnd tempered 
steels of this analysis nnd indicated hardness.  It is 
evident that this projectile has been decrementally 
h ;rdened and then base drawn. 

■ 

The following heat treatment is deduced 
from the microstructure nnd the hardness survey. 

(A) COIJDITIüNINrr TR^ATIliJJT. 

(1) Soak at 1500oF followed by a timed 
water quench. 

(2) Draw at 1200*^followed by n water 
quench to cold, 

(B) IIARDENIIiq TREATIIENT. 

(1) Immersion in a lead pot at 1450CF tu 
within one Inch of bnse for approximately 
30 minutes, followed by a timed water 
quench, 

(2) Draw at 600° - 650oF. 

(3) Base draw by slow immersion at 1100oF 
in a lead pot, baso first, to within 
four inches of nose, followed by a water 
quench to cold. 

- 4 - 

- - 



The followlriß heat  treatnent Is  indicated 
for the cap: 

(lj     Iloating to  1450CF,   followed  by n  tincd 
vv-Ttor quench. 

(2)     DrHU at 600°   - 650CF; vntc-r qurnoh. 

The follo'idnß he^t treatnent  is  indicated for tho 
bnse plug: 

SPHEROID 1Zim TR:.'JAT: I^TIT. 

(1) B««t  to 1450oFnnd witor quench. 

(2) Draw at  ^pproxiinHtuly 1000eF, 

-  5  - 



TABLi A 

TAT"'1.ATI )N OF CIiailCAl ANA1Y3IS OF 1J7.K COllPOinQJTS 

Conj onent Cher:! cal Analysis ■,• 

C P S Hn Si Or Q V 

Fuze Adapter .30 .010 .007 .48 .22 .67 3 .60 m 
Fuze Body .32 .021 .026 .76 .19 .75 4 .60 .09 
Plrii £ Fin .29 - ■ .12 .10 12.0 1 .95 .0.4. 
Spacer - - - .70 .23 .51 3 .75 .08 
Booster Adapter .31 .010 .015 .62 .22 .72 2 .85 .06 

Impact Shear 
Sectiuns 
Set Back Plate 
Locking Plug 
Firing Train 
Cast Lletal 
(See Table B) 

Cu Zn Sn  HI  Pb  Al Fe 

59.85 35.10 .73 
59.85 35.10 .73 
58.40 38.20 L28 

* *   ft 

I.in 

.09 .013 1.08 1.62 1.36 

.09 .013 1.08 1.62 1.36 
NT .019 0.36 0.23 1.28 
NT T   T   T T 
Tr NT   Tr  Tr Tr 

Spec t roc heml c ■ 1 Anal y.q 11, 

Tr ■ Trace 
NT ■ No Trace 
*  = Predoninant. 

The steel analysis reported here have been obtained 
spectrochenically with the exception of those of 
carbon, phosphorus, and sulphur, which were deter- 
nined by standard chemical procedures. No traces 
of molybdenum, tungsten, titanium, copper, boron 
or zirconium were found in any of these steels. 



TABLE D 

TABULATIOW OF THE IIAKDNESS AIJD HlCR(J3TnTTCTTTHE 
OF FUZE COMPONHITS. 

Conyvnent 

Fuze Adapter 

Fuze lody 

Firinc Pin 

Spacer 

Booster Adapter 

Hardness 

x 2.' H.C. 

26 R.C. 
■ 

30 R.C. 

35 R.C. 

30 R.C. 

Impact Shear Sections 91 R.B. ) 
91 R.B, \ Set Back Plate 

Locking Plug 
Firing Train 
Cast :ietal * 

86 R.B. \ 
83 R.B. j 

Mlcrostructure 

'"Juench and temper; carbides 
in ferrite. 
Quench and temper; carbides 
in ferrite. 
nuencii and temper; carbides 
in ferrite. 
Quench and temper; carbides 
in ferrite. 
Quench and temper; carbides 
in ferrite. 
Alpha in a Beta matrix; 
structure formed by furnace 
cooling a manganese bronze. 

Brlmary Alpha in a matrix 
üf^3m*ll.%Alpht\.«nd BetA. 
gnaini;* structure.formed 
on chill freezing. 

* Note: The distribution of components in the micro- 
structure indicates that this alloy has a 
nominal composition of approximately 38^ 
zinc; the presence of tin (spectrochemically) 
in appreciable amount makes it ouite certain 
that the alloy is a Tobin bronze which Is 
widely used as brazing rod. 'I'obin bronze 
is a carefully processed Muntz metal con- 
taiiiing .5 to 1^7 tin with approximately 38^ 
zinc and the remainder copper. 



Ill   Ü.TJSTIGATIJM OF ?UZE. 

(A)  RLXÜIBTRUCTI»^ 

The fuze, while- consldernbly dnnnged by 
dctonr.tion, was found tob« conplete in ell °f_)T

i^3o. ^Q 
conponont parts. Fig. 5, »W Photo No. 664 (HPL) shovvs 
a dcop ncld etchöd cross section and NIT} Drawing 102 
(APt) is a reconstruction of this fuze. All conponont 
pr-rts are indicated and dinenslonod on this drav/ing. 
fflllXfl slight discrepancies nay possibly exist In son« 
of th« indicated contours, it is believed thRt this 
drawing is an accurate representation of the fuze assenbly. 

(B) T.IHTLATIJII  OF  CHIÜIICAL  A!IVLYSI3f   HARDNESS 

Tables A nnd B list the chonical analyses 
hardness nnd nicrostructure of the fuze conponents. 

(C) DISCUSSION OF FUZE. 

\SSEII3LY.  This fuze, an inpact delay action type, 
combines extreme sinpllcity of design with novel footurss 
of assQiiibly, 

The close proxlnity of the firing point to 
the priner cap in this fuze, necessitates thnt the firing 
pin be accurately positioned and firnly held in that 
pusltion.  These dealdarata are acconplishcd by a WatUfi 
operation using a nolton Tobin bronze (see Table B for note 
to effect a unijn between the brass locking plates and 
the knob on the firing pin. See Fig. 8, NPG Photo No. 662 
(APL) in Addenda. 

The actual Ucclvmical operation of nssenbly 
has been deduced to be as follows: 

(1) Inserting of firing pin into tf.per hole. 

(2) Placing of five irvpaot snear sections 
into po.aitlon around firing pin knob. 

(3) Placing of setback rotniner pinto into 
position, punching of the five retaihlng 
pin holes, nnd insertion of the retaining 
pins. 

(4) Screwing of locking plug into position. 

(5) Pouring nolten Tobin bronz« (probably 

- 6 - 
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(6) 

iupor-lienttfd to l2-l30ücl'•)  Into tlu 
largo  locking  pin hoi-,-  (of locking plu-). 

Prons-inserting of lftr«fl locking pin 
while notal  is  still noltc-n thus  forcing, 
the molten metal to fill  "ill  lot rotio«« 
in the   nssu-nbly. 

(7) Inserting of  firing pin -  ppiaor sp'iCör, 
■ 

(8) Assenbling into fuze nnd booster -ulr.ptc.rs. 

It is suspected that pouring of this nolten alloy J^ound 
the firing pin knob \/culd h-.ve a highly detPinental  foot 
on the rjechanical properties 0^ the steel« Sti els 
nnalyil« of the firing pin show tonp«r brittleness 
ennnot bt allowed to cool slowly fron tenperutures 
6oo0c without th^ subsequent inpalmont of their ri-c^;^: 
ical. and particularly of their lapact properties. Suoa 
a condition existing in this fuze should b- consid.ivd 
xtrcnoly dangerous, That such o condition did exist was 

v«rlfied by tue brittle fracture observed wh.-r^the knob 
of the second fuze fr-.ctur-.d on dlsassenbly. See ADDfflTOA 

.  of tha 
nd 
bove 

nnd Tig 8 NTO Photo Ho. 662 (i\?L) , 

iCTI"M 
rr'hi'3 fttlQ posieiios sn action essentially 

sTgflar to that of n  shear pin, but in R forn whicÄ nakes 
us. of shear pistes or annuluses instead. When the gun 
is find the firing pin is restrained fron noving backward 
on setback by the bearing taper, iftd the setback retainer 
plate in the knob looking assonbly.  See Drav/lng 102 [IFLl, 

In flight tha pin cannot creep forward since 
it is looked securely in place by cast n-tal. 

on inp-ict the firing pin noves forward and 
having considerably nass exerts sufficient force through 
th.. knob to shear past the cast notal locking it in 
plnee,  The pin is then free to strike the priner setting 
off th detonator and the delay action powder train and 
consenu.ntly the nain charge.  It nust bo concluded that 
this fuze requires B relatively heavy inpact to nake it 
function. 

- «TIT Obviouslv  such a  fuze n'.kes  a  sacrifice  of 
aTety'in the  interest  of positive action and  sinpllcity, 

Th^   snenr plate   arr-mgenent  can  be  considered to be  only 
partially boro-safe;   any accidental deceleration nay con- 
c jivably' cause the firing pin to creep forward  and  strike 
th.   nfttnai* - the fuze   is ossentially nrned at  all tin.s. 
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;■    proTisi na hnv    b<   n r   I    fop d t  rwtop 
8 fcty«    L*; th   dctunatop sh uld b^. aooidontnlly s 
ff    tn . nwiln charge vould bo exploded« 

IV r--,- i «T TOO T  I P {' JECTILE 

The nost striking feature of this projoctil« 
is th( us-, wf n flat nose -ml a relatively insecurely 
fnstenea conical cap, A.lso worthy of note are the use 
of -, high percentage of filler, two rotating tends and 
boat tailing. The nost iwportant characteristics arc 
conparcd in Table C to those or various 8-inch connon 
projectiles used by th'. United States Navy, 

m. Jhi design of this projectile seems excellent 
for conventional use against lishtly crnorcd targets; 
however there is the possibility that this prcjoc.ixe 
nay nlso hav< been designed for use ^gfiinst h( vUy 
• mor. d vessels bv underwater nttr.ck of their light  ^ 
■rnor. In such an attack the windshield is ripped off, 
thus also renoving the cap and transforning this e«pped 
oroloctile to n flat nosed projöCtlle,  Such n design 
could also explain the use of •■   relatively insensitive 
fuze, which v^uld prevent detonation on inpact with 
wattv, 

V     Cd..R iCTmST|CS ( i ^lii 

Fragnents fron the bourrelot carried very 
sharply defined enaravings of the rifling .004"».001" 
doep; see Fig. 6, NPH Photo No, 660 (APL). Heasure- 
nenta of those engravings together with other noasure- 
■ nts taken fron the engravings on the rotating bands 
(which were öxoei;ontly preserved) w re used to doter- 
ire •■ nunber ef auzzle characteristioa of this gun. 

These oharaoteristica, together with oonparisoaa t< 
those of varioua United Stat* s S-inch naval guna, are 
are given in Tnble T). For calculations see Appendix B, 

T h o us Q o f t w o rot at ing b • nd a a nd the clear c ut 
engraving loft on then Indicates that this gun hnd 
uniforn twist. The deep grooves (1^ of caliber is cen- 
aldered «axlauü in general usage) Indicatoa a high 
pressure gun with high rotational velocity for the 
projectile. 

VI !JI 4 iJ Xui • 

(A)  PB JgCTII^ Ugl^CT n.MX^L/iTI'in. 

These caleulatlona to d^toralne th« wclßhta 
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und cnp^elty of thia proj etllc ip I . t -n th dl i n- 
alona glvon in KPQ Drowing 101 (.Jl). Th. density of 
the steel Is taken ';s ,203 l^. pep cu. in« 

• \ i.,}it cf Ch'^r^- ♦ Th. fopward portl n of th..  c-vity enn 
T>    QssurTe3 tJ Be fi volunc gi n-. r-itod by the peyolutiun of 
one-half of an ellipstj nbout its nnjop nxia (ppolnto 
sphepoid). ^he peap poption of the envity is known to 
oe a cylinder, 

1/2 Volune of ppolnte spheroid ■ 1/2 x i x n X 7.25 
x  2.3852  =  125  cu.   in. 

Volune of cylindop  =nri"l 
_ o 

? - Tf x  2.075" x   3.25   "  2A   cu.   In. 

The volune of th- fu-7..^ is assunec QO >C 
9 cu. in. henee the total volune occupied by the  cli ipgi 
is 

125 ^ 214 - 9 10 cu. in. 

Aasiuiing the fill.r to bo-explosivc   "DM having n density 
of  .35 35 lbs,  pep cu,   in.,  the total weight   of the 
bursting chapge is then found to be   .0535 x  330 ■ 17.6 
pounds„ 

•'■ i;:ht.  of gase 11 u^.      Volune of base plug = Vv2t 

•tfx  2,875 x  2.8752 ■ 75  cu.   in 

Weight of base plug 75 x .;:.''3 ■ 21.2 pounds. 

^Vejght of Cap, The oap is essuned to be n cone with a 
height of 2.75 inches end B base of o,25 inches (allow- 
ance is nade on the b;;Su to correct fop aotual curv-.ture 
^n the sides) . 

V • l/31fP2h 

■ 1/3 xtl  X 3.1252 x 2.75 ■ 28 cu 

Weight 28 x .0283 =7.9 pounds, 

Actual weight of cr;p with n few chipped 
fpagnenta nis?ing ins 7.5 pounds« 
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••  •■'if  J^ proJeotU    Body.      Th<   tK iy   »f til    proj etll€ 
for H distance of Ij.lSÜ Inchea fron the b-.s,.  la known 

be  -i oyllndbP«    The volune        vc =n r-l 

VC   mff X U2 x  18.125  ■  915  cu.   in. 

The   forward porti n of the projectile enn be  nssuricd to 
b.   ■-, prolate  spheroid with axis of 7.5  rmd 3.75  inchcs. 

V ■  1/2    4 wy "■ • b2 

P.s. 3 " 

■ 1/2 i -IT ^.3 x 3.752  = 221 cu. in. 
3 ' 

The total volune of th< projectile body is then 915 plus 
221 Minus 75 (base plug) ninus 330 (envity) :/ r.it 23  (cap) 
or 69/». cu. in. The weight of the bod;/ is then 

69/». x .263 ■ 196 pounds o 

/eight of Windshield.  It is 'issuii-d that the volune of 
the windshield Is^mde up of a solid bounded by two 
con. s S  Mid 7.625 inches high ' nd with dianetp.rs 6,125 ^nd 
5.75 inches respectively, This volune is 9 cu. in« 
weight of the windshield is then 

9 :: .283 
0
ä5 pounds, 

= 10.B cu, i 

"id ht of Rotating H-mds,  The voliuu, of tht b?mds is 
rip de up of two rings v^ch  having n  volune V = 2frr I (oxbj 
where Q end b are the thickness end width of the rings. 

7 = 2\<t' 2      x 4 x (.19 x 1.125) 

Th . weight of the bands arc then 

10.3 x .32 • 3.5 pounds. 

Total fVit;ht of Projoctilo. 

l:rot"(.ctile Body 
Cap 
Base Plug 
Windshield 
Rotating Bands 
Estination of Fuze 
Bursting Charge 

Total Weight 

196-  pounds 
7.9 
21.2 
2.5 
3.5 
2.5 

17.6 

251.2 pounds. 
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r>v  T^JT"  B  -  r .7 pin iTT   ;r    ^ CT *y j      fry 

Anglt -f tiu x--i-Dr:.vIii;: Edge. The tnglc of tht non- 
'irivm^ odg< Is Tor;-:' a b." tnc hypotcruso ■■nd bnS'- of o 
triangle having n bQ8< equal to the length of the hook 
slope and an altitude epuil to the depth of gro ve, 
actually this represents the chord across the «xlsting 
largt radius fillet« 

tan e = .OB 
705 

angle 0 ■ 53°. 

1.60 

Grooves ger inch. Five grooves were neasur&d In 2.7 
inchc3. 

Tot a] nu^iber of grooves - ■'. 
2frx I -  i 

Total number of grooves = 46 

Nunbor of grooves per inch of caliber (16 =3.3 
8 

Twist in Calibers pr Revolution« Measuronent of th. 
slope of 'th~ Ijourrelut engravings vras rl3-.00S inches 
por inch. The reference nomal waa taken 'is parallel 
the lathe nnrks on the projectile« The nunber of cali- 
bers per revolution then equal to 

1 X 2lf4 or 21,. 

The angle of twist 0 ■ haa n tangoaL pquaj to jf = 

TT 
.1495 or 8.3°. 
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VII ^DI:IJD. 

1ft«* conplr-tion of this report fnsnents were 
rcceivf.'d of B projectile- which h';d struck thu ■ .J i 

'ig. 7 NPO Photo No, 661 (AIL) shows 
the condition of these fragaenta when recuivec . A pioee 
of honogeneous nrnor of npproximtely 3-inch thickness 
was found nnong tl.ese fragnentt« Tha  cap was not 
rt, covered. 

The fragnonti were identified ns belonging to n 
projectile identical to the one herein described and 
confirncd the reconstruction of this projectile and 
fuze.  Only one ninor difference could be found; the head 
of the firing pin in the second fuze recovered wae 

instead of pointed as sho\/n in M-Q 
of the- first fuzt  All oth r d.^ponont 

found to be blunt 
Drawing 102 (APL) 
parts and nethods 
Fig, B, KPQ Photo 
disassenbly. 

of 
Ho 

asse-nbl^ v/ero found to \>'.   identicalg 
, 662 (A?!) shows this fuz- following 

The following Markings were found on the booste 
adapter 

T?) §,39387 f  15^r3. 
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